on to develop tropical sprue may be determined by two factors: (1) the microorganism causing the acute episode and (2) the susceptibility of the intestinal mucosa to injury and its ability to recover.
Since acute gastroenteritis does not invariably disturb the small bowel microflora,'3 it is possible that only specific microorganisms which cause mucosal injury can initiate these alterations. This injury could be mediated by bacterial metabolic products or by the release of an enterotoxin. Toxins from enteropathogenic strains of E. colil7 and other bacteria associated with diarrhoea can cause anatomical and physiological defects in the rabbit and dog intestine ;18, 19 similar changes have also been observed in non-specific diarrhoea in man. Such substances could play a role in the development of tropical sprue in a susceptible individual.
A critical factor in the pathogenesis of tropical sprue may be the ability of the intestinal mucosa to deal with noxious agents. Steatorrhoea is a frequent finding in tropical sprue. Its irregular identification in the past may be partly due to inadequate dietary fat intake during the period of faecal fat measurement. A low fat diet, common among indigenous tropical populations and anorexic patients, is known to reduce faecal excretion to normal levels.27
Since fat is maximally absorbed in the jejunum, the morphological abnormalities at this site have been thought to cause steatorrhoea. Against this concept is the lack of correlation between the dissecting microscopic features of jejunal biopsies and the incidence of fat malabsorption. Steatorrhoea correlates best with vitamin B12 malabsorption but poorly with folate or d-xylose malabsorption, substances which are absorbed maximally in the jejunum.2 Moreover, similar jejunal pathology may occur in asymptomatic individuals28 and in protein-calorie malnutrition without steatorrhoea.29
On the therapeutic side, staetorrhoea responds poorly to folate or vitamin B,2 therapy. 30' 31 (Improvement over long periods may be difficult to distinguish from the natural remissions which occur in this disease.) In a careful balance study in Puerto Rico,30 folic acid had no effect on fat or d-xylose absorption when given to 12 patients for nine to 44 days, although it did produce improvement in well being and a haematological response in folate-deficient subjects. However, antibiotic treatment in at least two studies has reduced steatorrhoea to normal levels within two to four days. 32' 33 This immediate response can best be explained by the elimination of intestinal microorganisms responsible for impaired fat absorption. The occasional relapse or recurrence after treatment may be due to recolonization of the small intestine by antibiotic-resistant bacteria.
Rapid reduction in steatorrhoea after antibiotic therapy also occurs in the blind loop syndrome.2' Recent studies in this disease have shown that small intestinal bacterial overgrowth interferes with fat absorption by splitting bile acids.34 In this circumstance, the concentration of conjugated bile acids in intraluminal fluid may be reduced below the critical concentration essential for effective micellar formation. Another factor affecting bile salt metabolism which may be pertinent to tropical sprue has been demonstrated in patients with ileal diseases. During the normal enterohepatic circulation, conjugated bile salts are efficiently reabsorbed in the ileum and less than one gram per day passes to the colon. Ileal pathology or resection are associated with a diminished bile salt pool apparently by restricting reabsorption.35 As a result, conjugated bile salts in the upper jejunum are reduced below the critical micellar concentration.36
A reduction of conjugated bile salts in the upper jejunum has been observed in tropical sprue; deconjugation was absent in the upper and mid-jejunum but could be detected in the lower jejunum and ileum.37 This suggests that ineffective ileal reabsorption, possibly related to deconjugation at this site, could reduce the bile salt pool in patients with tropical sprue. In this respect tropical sprue may differ from the classic blind loop syndrome associated with gastrectomy or jejunal diverticulosis. In the latter conditions, bacteroides and split bile acids are found at all levels of the small bowel. On the other hand, in tropical sprue, abnormalities appear to be limited to the lower small bowel which resembles a 'distal' blind loop syndrome as seen in Crohn's disease and ileal strictures. Definitive studies of bile salt metabolism in tropical sprue will be necessary to confirm these preliminary observations.
D Folate and vitamin B12 therapy may improve the abnormal epithelium in tropical sprue in three to six days with reversion of nuclear alterations, an increase in mitotic activity, and redevelopment of villi.43 However, it is unlikely that folate or vitamin B12 deficiency per se is fully responsible for the morphological changes since residual abnormalities may remain for months or years, apparently unresponsive to prolonged therapy. 44 Furthermore, experimental and nutritional folate and vitamin B12 deficiency in temperate zones is unassociated with these histological changes in the jejunum.45
The duodenum and upper jejunum in tropical sprue may show severe histological derangement in the absence of abnormal bacterial populations at this site. The mucosal pathology usually reverts slowly towards normal but may still be grossly disturbed at a time when antibiotics have induced resolution of fat and B12 malabsorption.24
Another indication of the underlying mucosal disorder is the alterations in water and electrolyte transport which have been observed in patients with tropical sprue. Marker perfusion studies have demon-strated secretion of water and electrolytes in the jejunum and ileum. Following antibiotics, the ileum rapidly returned to normal absorption but the jejunum often continued to show a persistent secretory defect. 8 Finally, the presence of colonic bacteria in the upper small bowel in sprue patients suggests that mucosal antibacterial mechanisms are impaired. The derangements in mucosal morphology, delay in complete recovery of B12 absorption, and alterations in d-xylose, salt, and water transport are convincing evidence for a primary mucosal lesion.
The pathogenesis of tropical sprue can now reasonably be viewed in two parts, a defect in the intestinal mucosa accompanied by bacterial contamination. Although the mucosal abnormality may underlie the disorder, certain manifestations can be related to the presence of enteric microorganisms in an abnormal location within the small intestine.
